Background: Fine needle aspiration (FNA) cytology fails to provide a conclusive diagnosis in a subset of thyroid lesions labeled as "indeterminate" (Thy3). In this study, we aimed at ascertaining the prevalence of Thy3 thyroid nodules in a hitherto unreported ethnic group (residents of the United Arab Emirates). Methods: We retrospectively examined 688 FNA of the thyroid performed on 584 patients. Samples were reported using the Royal College of Physicians' (RCP) Thy classification. The results of the FNA were correlated with the final surgical specimens. Ultrasonography (US) risk stratification was calculated using a web-based US risk of malignancy calculator. Results: Overall sample adequacy was 97%. The indeterminate group Thy3 was found in 7% of the samples. The overall risk of malignancy in the Thy3 category was 20%. This risk was very similar in the 2 subgroups of Thy3 (17% in Thy 3a and 22% in Thy3f). Subdividing the Thy3 group into subgroups becomes less necessary if the US scoring is <24.5% since the negative predictive value, in this case, is 100%. Applying this criterion to our population would have had the potential of reducing the percentage of patients referred to surgery from 61 to 43%. Conclusions: Proper risk stratification of Thy3 lesions should be based on the combined risk assessment of clinical, cytological, radiological, and molecular data. Such a pragmatic approach is expected to reduce the percentage of inappropriate referrals to surgery.
Introduction
The prevalence of thyroid nodules is population dependent and increases with age and with the use of thyroid ultrasonography (US). It is estimated to be 2-6% with palpation, 19-68% with US, and 8-65% in autopsy specimens [1] . The ultimate goal of the diagnostic evaluation of a thyroid nodule is to determine whether it is benign or malignant and consequently to provide timely and appropriate treatment. Fine needle aspiration cytology (FNAC) of the thyroid nodule is currently the primary diagnostic tool for determining the nature of a thyroid nodule. Its yield increases if done under ultrasound guidance [2] [3] [4] [5] [6] [7] . However, it fails to provide a conclusive result in a subset of patients, labeled as having an "indeterminate" diagnosis or Thy3 [8, 9] . The reported risk of DOI: 10.1159/000484600 malignancy in this group is variable among different centers, ranging from 6 to 48% [10] . In this regard, the role of ultrasound has emerged as a practical and accurate tool in the risk stratification of such nodules [2, 3, 11, 12] .
Our objectives were to assess the hitherto unreported prevalence of Thy3 lesions of thyroid nodules among residents of the United Arab Emirates and to correlate cytological and pathological diagnoses in this group. We also aimed to assess whether combining FNAC with US risk stratification preoperatively would increase the predictive value for malignancy in this group and allow for better appropriately tailored surgical decision making.
Subjects and Methods
Cytological diagnoses were undertaken in 688 thyroid nodules from 584 patients evaluated by ultrasound-guided FNA (USG-FNA) at the authors' institution. Ultrasound was performed with 9-12 MHz linear array transducer (eLogic GE). The same endocrinologist performed real-time US and FNA procedures. USG-FNA was performed for the nodules presenting suspicious US features; when no such features were identified, USG-FNA was performed on the largest of multiple nodules. USG-FNA was performed with a 23-G needle using a capillary method. The resulting material was expelled onto glass slides; part of it was smeared immediately for Quick-Diff rapid on-site assessment (ROSE) by a cytologist, and the remainder was air dried for MayGrünwald Giemsa staining or fixed in 95% ethyl alcohol for Papanicolaou staining. Slides were dispatched to Hammersmith Hospital in London and were analyzed by a single experienced cytopathologist. FNA cytology was interpreted according to the Royal College of Physicians [13] . A 14-point validated web-based US risk of malignancy calculator was used retrospectively. Ultrasound features such as solid content, taller-than-wide shape, spiculated margin, ill-defined margin, hypoechogenicity, marked hypoechogenicity, microcalcifications, and rim calcifications are considered predictors for malignant nodules. Malignancy risk ranges widely between 3.8 and 97.4%, and the risk of malignancy is positively associated with increases in risk scores [14, 15] .
Institutional approval was obtained to collect the data for this study. The results of the FNA were correlated with the final surgical specimens. The cytopathologist was blinded to the results of the final pathology. Finally, a small analysis of our cytology results was correlated with those obtained from a similar study with a different ethnic background (London, UK) and performed by the same cytologist.
Results
The adequacy rate of our cytological samples was 97%. The concordance rate of our cytology with surgical pathology was 100% for the Thy5 subgroup and 83% for the Thy4 subgroup (suspicious for malignancy); 85% of the whole sample were consistent with a benign diagnosis, and 7% (49/688) were categorized as Thy3 (Thy3f: 3.9% and Thy3a: 3.1%) ( Tables 1, 2) .
Of the total 49 patients with the Thy3 category, 30 (61%) patients underwent surgery, of whom 12 were from the Thy3a subgroup (40%) and 18 from the Thy3f subgroup (60%). The decision not to refer for surgery was based on either low-risk stratification or the patients refusing to opt for surgery. Four patients in the 2 subgroups were lost to follow-up. As a whole, 80% of the nodules in the Thy3 subgroup were benign and 20% malignant. More specifically, 83% were benign and 17% malignant in the Thy3a subgroup and 78% were benign and 22% malignant in the Thy3f subgroup. All Thy3 patients found malignant at surgery had a US risk score >35%, and a scoring of <24.5% had a negative predictive value (NPV) of 100% (9/9). If a US risk of malignancy of ≥48% in this group is considered, there is a 50% chance that malignant case lesions are identified. On the other hand, a score of >65% among the 3 groups (Thy3, thy4, and Thy5) correlated with a positive predictive value (PPV) of 76% (Table 3) .
A parallel and subsidiary analysis was done to assess the follow-up of our Thy2 lesions. Of an initial group of 445 Thy2 lesions, 236 were lost to follow-up; 86 among the remaining 209 Thy2 lesions that were followed up for an average time of 16 months (range 1-41) had a repeat biopsy. Of these, 75 (86%) remained as Thy2, and 11 (12%) were reclassified as Thy3 (10%), Thy4 (1%), and Thy5 (1%), respectively (Fig. 1) .
Discussion
The ultimate goal of the diagnostic evaluation of a thyroid nodule is to determine whether it is benign or malignant in order to provide timely and appropriate treatment.
FNA remains the primary diagnostic intervention for the evaluation of most thyroid nodules [2, 3, 11, 12] . FNAC establishes a reliable diagnosis in 70-80% of instances, and approximately 15-25% will be classified as indeterminate (often referred to as follicular neoplasm Thy3f or atypia of undetermined significance Thy3a) [8, 9] . However, the risk of malignancy in the Thy3 group could also vary from 25 to 50% due to inter-and intraobserver variability among pathologists, institutional referral patterns, operative selection, the inclusion of incidental microcarcinomas, and publication bias [10, 13, 16, 17] .
The overall risk of malignancy in our Thy3 group was 20%. This risk is very similar to that reported by the recently updated Italian risk classification but [11] dissimilar in that the observed risk difference between our 2 subgroups of Thy3 was minimal (17% in Thy3a and 22% in Thy3f). This observation could be a valid finding specific to our population or random phenomena explained by the small size of our sample. It is also interesting to note that the proportion of biopsies classified as indeterminate was the same between the 2 different ethnic groups (Table  1) . Of relevance, 86% of our Thy2 lesions remained negative after an average follow-up time of 16 months (average 1-41), and 14% were reclassified as Thy3, Thy4, and Thy5. If one considers the overall risk of malignancy to be 20% in the Thy3 group, only 4/86 patients (4-5%) would have been falsely labeled as negative. This latter figure is consistent with the 3-5% false negative rate reported by most reputable cytological reporting systems in the Thy2 group [9] [10] [11] .
Ultrasound of the thyroid has emerged as a useful tool to improve the risk stratification for malignancy in thyroid nodules. Single ultrasound features show inconsistent predictive values, and the combination of ultrasound findings improves their PPV [2, 3, 18, 19] . In this regard, different international societies have published their thyroid ultrasound risk stratification systems to give thyroidologists a practical tool to use [2, 3, 11, 12] . However, a recent study by Trimboli et al. [20] looked at the accuracy of international risk stratification systems in thyroid lesions classified as indeterminate. Poor accuracy (up to 54%) and specificity (up to 19%) were recorded among all reporting systems. The highest sensitivity (91%) and NPV (94%) was obtained by the British Thyroid Association (BTA). When the size thresholds proposed by guidelines was considered, the American Thyroid Association (ATA) system reached the highest sensitivity in detecting cancers (95%). We looked at refining our decision making in the Thy3 thyroid lesions by combining the information gathered from cytology and ultrasound. The calculated web-based US risk of malignancy at <24.5% in our Thy3 group correlated with 100% benign lesions at final surgery. Subdividing the Thy3 group into subgroups becomes less important if the US scoring is <24.5% since the NPV is 100%. Applying this criterion to our population would have had the potential of reducing the percentage of patients referred to surgery from 61 to 43%. Our results concur with those of Grani et al. [21] , who reported on the US scoring of 49 patients with indeterminate thyroid nodules. Using either the ATA (very low suspicion) or the TIRADS (category 3 or less) allowed high exclusion confidence of malignancy (NPV of 100%).
Risk stratification could be even further refined using molecular testing. A recent European study reported that the combination of 2 or more of US suspicious features with molecular mutations RAS and BRAF has a high predictive malignancy figure of 100% [22] . Our reasons not to resort to molecular diagnostics were multiple. There is still no consensus on the use of molecular testing in thyroid lesions, no large validated prospective studies are addressing this issue, and the cost of the tests is still prohibitive [2, 3, [23] [24] [25] .
There are limitations to our study due to its small size and its retrospective nature, and larger studies are needed in this respect. However, our results concur with those recently published.
We have shown that proper risk stratification should take into account the gathering of clinical, radiological, cytological, and even molecular data relevant to each patient. The final calculated risk should then be balanced with the patient's perceptions and discussed in the setting of a multidisciplinary team. This approach will minimize the number of inappropriate referrals to surgery.
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